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MUTATED CONSTITUnVELY ACTIVE NUCLEAR ORPHAN RECEPTOR 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims priority to U.S. Provisional Application No. 60/358,500 fQed 
5 February 1 9, 2002, herein incorporated by reference in its entirety. 

FIELD 

This disclosure relates to a constitutive active nuclear orphan receptor (CAR) which includes 
one or more mutations ^t render the peptide non-constitutively active, and methods of using the 
1 0 non-constitutive receptor (non-CAR), 

BACKGROUND 

The nuclear oiphan receptor CAR (constitutively active receptor or constitutive androstane 
receptor) activates transcription of genes encoding various drug-metabolizing enzymes. For exan^le, 

1 5 CAR activates xenochemical/steroiA-metabolizing enzymes, in response to phenobarbital (PB) and 
other PB-type inducers (Sueyoshi andNegishi, Annu Rev Pharmacol Toxicol 41:123-43, 2001; Wei 
et fl/.. Nature 407:920-3, 2000; Zelko and Negishi, Biochem Biophys Res Commun 277:1-6, 2000; 
and Ueda et al, Mol Pharmacol 61:1-6, 2002). Induction of fliese enzymes confers on organisms a 
higher metabolic capability to defend themselves against xenochemical toxicity and/or 

20 carcinogenicity. 

In addition to xenochemicals such as PB andTCPOBOP (1,4-bis [2-(3,5- 
dichloropyridyloxy)] benzene), steroid hormones can modulate the CAR-mediated activation of gene 
transcription. Estrogens activate mouse CAR (mCAR) and induce the Cyp2blO gene in mouse liver, 
whereas androgens and progesterone repress estrogen-activated mCAR (Kawamoto et aL, Mol 

25 Endocrinol 14: 1897-1905, 2000). However, unlike mCAR, human CAR (hCAR) does not respond to 
steroid hormones (Id.) ; 

Direct activation of CAR in response to various drugs has been observed in vivo. CAR is 
retained in the cytoplasm of non-induced mouse livers and accumulates in the nucleiis following PB 
treatment (Kawamoto et al, Mol Cell Biol 19:6318-22, 1999). However, in vitro, CAR is active even 

30 in the absence of agonistic chemicals in a cell-based transfection assay (Kawamoto et a/., Mol 

Endocrinol 14:1897-1905, 2000). This constitutive activity makes it difficult to use CAR in vitro to 
screen for drugs that can enhance activation of xenochemical/steroid metabolizing enzymes. As a 
result there have been attempts to alter CAR's in vitro constitutive activity. 

Some steroid metabolites, such as androstenol, repress the constitutive activity of CAR in a 

35 cell-based transfection assay (Forman et al. Nature 395:612-5, 1998). In addition, PB and PB-type 
inducers can re-activate the repressed CAR in vitro (Sueyoshi et al, J Biol Chem 274:6043-6, 1999). 
Additional repressors such as progesterone, androgens, and CaMK inhibitor KN-62, as well as 
activators, such as estrogens, have been identified (Kawamoto et aL, Mol Endocrinol 14:1897-1905, 
2000). Thus, the re-activation is one method that can be used to regulate CAR in xenochemical- 
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responsive ^hion, at least, m vitro. However, whether this is also the regulatory mechamsm in liver 
in vivo remains unclear. 

It would be beneficial if the constitutively active nature of CAR could be converted into a 
xenochemical-responsive one, so that screening for drags that can enhance activation of 
5 xenochenucal/steroid metabolizing enzymes could also be readily performed in vitro^ instead of only 
in vivo. 

SUMMARY 

Disclosed herein are polypeptides encoding a nuclear orphan receptor having decreased 
10 constitutive activity in vitro (referred to herein as non-CAR) as corqpared to the constitutive activity 
of a CAR, as well as isolated nucleic acids that encode such polypeptides. The disclosed non-CAR 
sequences can be used to identify agents, using an in vitro assay, that enhance activation of steroid 
and/or xenochemical metabolizing enzymes. Such agents can be admhiistered to a subject e?^osed to 
one or more xenochemicals, or to a subject in whom increased levels of one or more steroids is 
1 5 desired, wherein the xenochemical and steroid are normally inducible by CAR. The disclosed non- 
CAR sequences can be used to analyze a sample, for example a sample suspected of including one or 
more CAR-responsive estrogen or estrogen-like chemicals, and/or one or more xenochemicals (such 
as phenobarbital). 

For example, the non-CAR polypeptide includes one or more mutations, such as two or 

20 more mutations, corresponding to murine CAR (mCAR) position Thrl76, mCAR position Leu352, 
mCAR position LeuBSB, mCAR position Glu355, human CAR (hCAR) hCAR position Leu342, 
and/or hCAR position Leu343. In a particular exano^le, the non-CAR polypeptide includes a 
mutation corresponding to hCAR position Leu342 and/or Leu343. The disclosed mutation(s) render 
the CAR polypeptide less constitutively active, but do not interfere with the ability of the polypeptide 

25 to confer xenochemical metabolizing activity to a xenochemical-metabolizing enzyme, or steroid 
metabolizing activity to a steroid-metabolizing enzyme, wherein the xenochemical and steroid are 
normally inducible by CAR Also disclosed are compositions including the disclosed polypeptides 
and nucleic acids. In one exanq^le, the conoqposition includes a pharmaceutically acceptable carrier. 

Elits including the disclosed polypeptide and nucleic acids are also disclosed, as are specific 

30 binding agents that distinguish between non-CAR and CAR polypeptides. 

Also disclosed are methods of rendering a non-CAR peptide less constitutively active, while 
retaining tibie ability of CAR to induce a xenochemical metabolizing activity in response to a 
xenochemical, or to induce a steroid metabolizing activity in response to a steroid, wherein die 
xenochemical and steroid are normally inducible by CAR. The method includes introducing one or 

35 more mutations into a native CAR sequence, which substantially reduces the constitutive activity of 
CAR, but retains die ability to induce a xenochemical metabolizing activity in response to a 
xenochemical, or to induce a steroid metabolizing activity in response to a steroid, wherein the 
xenochemical and steroid are normally inducible by CAR. 
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Methods are disclosed for using the disclosed non-CAR polypeptides to screen one or more 
test agents, such as two or more test agents, to identify agents that activate steroid and/or 
xenochemical metabolizing enzymes, for exanq>le enhance such activation. The mefliod includes 
e?q>osing non-CAR to one or naore test agents, and subsequently detecting steroid and/or 
5 xenochemical metabolizing activity. For example, a cell expressing one or more non-CAR peptides 
is contacted with a test agent(s), and tiie resulting effect on steroid and/or xenochemical metabolizing 
activity determined. In one exanq)le, the cell contacted with the test agent(s) e3q)resses one or more 
non-CAR peptides and a nucleic acid sequence (such as a reporter gene sequence) operably linked to 
an enhancer element If the agent(s) induces steroid and/or xenochemical metabolizing enzymes, 

1 0 non-CAR will be activated and interact with the enhancer element, thereby increasing transcription of 
the nucleic acid sequence operably linked to the enhancer element The transcription of the nucleic 
acid sequence can be detected, for exanq>le the nucleic acid sequence can produce a detectable 
product^ such as luciferase. The agents identified using tiiis method can be administered to a subject 
closed to one or more xenochemicals, for exanq)le to reduce the presence of xenochemcial in the 

1 5 subject In addition, the agents identified using this method can be admmistered to a subject in whom 
altered levels of one or more steroids are desired. In one example, the agent is administered at a 
therapeutically effective dose to modulate steroid and/or xenochemical metabolizing enzyme activity. 

Methods are disclosed for using the disclosed non-CAR sequences to analyze a san:q)le, for 
example a samplQ suspected of including one or more CAR-responsive estrogen or estrogen-hke 

20 chemicals, and/or one or more CAR-responsive xenochemicals (such as phenobarbital, PB). For 
exanq)le, a cell expressing one or more non-CAR peptides is contacted with the sample of interest, 
and the resulting effect on steroid and/or xenochemical metabolizing activity determined. In one 
exair5)le, the cell contacted with the sample ejqjresses one or more non-CAR peptides and a nucleic 
acid sequence (such as a reporter gene sequence) operably linked to an enhancer element If the 

25 san^le contains agents that induce steroid and/or xenochemical metabolizmg enzymes, non-CAR 
will be activated and interact with the enhancer element, thereby increasing transcription of the 
nucleic acid sequence operably linked to the enhancer element The transcription of the nucleic acid 
sequence can be detected, for exanqjle the nucleic acid sequence can produce a detectable product, 
such as luciferase. The presence of the detectable product indicates that tiie sample contains one or 

30 more CAR-responsive steroids and/or xenochemicals, such as estrogen or PB. 

The foregoing and other objects, features, and advantages of the polypeptides, nucleic acids, 
agents and methods described herein will become more apparent from the following detailed 
description of several embodiments, which proceeds wife reference to the accompanying figures. 



35 



BRIEF DESCRIPTION OF TBDE FIGURES 
FIG. 1 is a schematic diagram showing putative domains of CAR proteins. Numbers 
iadicate positions of amino acid residues at which chimeric receptors were constructed. 
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FIGS. 2A and 2B are ribbon diagrams showing the predicted mCAR three-dimensional 
structure, and the side-chain interaction between ThrBSO and Thrl76. 

SEQUENCE USUNG 

5 The nucleic acid sequences in the acconq)anying sequence listing are shown using standard 

letter abbreviations for nucleotides. Only one strand of each nucleic acid sequence is shown, but the 
complementary strand is understood as included by any reference to the displayed strand. 

SEQ ID NOS: 1-14 are nucleic acid sequences showing primers used to introduce site- 
specific mutations into CAR. 

10 

DETAILED DESCRBPTION OF SEVERAL EMBODIMENTS 
Abbreviations and Terms 
The following e?q>lanations of terms and methods are provided to better describe the present 
15 disclosure and to guide those of ordinary skill in the art in the practice of &e present disclosure. As 
used herein, the singular forms "a" or "an" or "the" include plural references unless tiie context 
clearly dictates otherwise. For exanqjle, reference to "a protein" includes one or a plurality of such 
proteins, and reference to "the cell" includes reference to one or more cells and equivalents thereof 

< 

known to those skilled in the art, and so forth. 
20 Unless explained otherwise, all technical and scientific terms used herein have the same 

meaning as commonly understood to one of ordinary skill in the art to which this disclosure belongs. 

^ent: Any substance, including, but not limited to, an antibody, chemical compound, 
molecule, nucleic acid, peptidomimetic, or protein. 
25 Antibody: A molecule including an antigen binding site that specifically binds 

(immunoreacts with) an antigen. Examples include, but are not limited to, polyclonal antibodies, 
monoclonal antibodies, humanized monoclonal antibodies, and inmnmologically effective portions 
thereof. 

Naturally occurring antibodies (e.g., IgG) include four polypeptide chains, two heavy (H) 
30 chains and two light (L) chains inter-connected by disulfide bonds. However, the antigen-binding 
function of an antibody can be performed by firagments of a naturally occurring antibody. 
Immunologically effective portions of monoclonal antibodies include, but are not limited to: Fab, 
Fab', FCabOi, Fabc and Fv portions (for a review, see Better and Horowitz, MeAods. Enzymol 
178:476-96, 1989). Otiier exanq)les of antigen-binding firagments include, but are not limited to: (i) 
35 an Fab firagment consisting of the VL, VH, CL and CHI domains; (ii) an Fd fragment consisting of 
the VH and CHI domains; (iii) an Fv fragment consisting of the VL and VH domains of a single arm 
of an antibody, (iv) a dAb fragment that consists of a VH domain; (v) an isolated con5)limentarity 
determining region (CDR); and (vi) an F(ab')2 fragment, a bivalent fragment comprising two Fab 
fragments linked by a disulfide bridge at the hinge region. Furthermore, although the two domains of 
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tbe Fv firagment are coded for by separate genes, a synthetic linker can be made that enables &em to 
be made as a single protein chain (known as single chain Fv (scFv) by recombinant methods. Such 
single chain antibodies are also included. 

"Specifically binds" refers to the ability of a ^'specific binding agenf to specifically react 
5 with a particular analyte, for exan^le to specifically immunoreact with an antibody, or to specifically 
bind to a particular peptide sequence. The binding is a non-random binding reaction, for exan:^le 
between an antibody and an antigenic determinant. Binding specificity of an antibody is typically 
determined fi-om the reference point of the ability of the antibody to differentially bind the specific 
antigen and an unrelated antigen, and therefore distinguish between two di^erent antigens, 
1 0 particularly where the two antigens have unique epitopes. An antibody that specifically binds to a 
particular epitope is referred to as a "specific antibody." 

Monoclonal or polyclonal antibodies can be produced to the disclosed non-CAR 
polypeptides, or firagments, fiisions, or variants thereof. Optinoally, antibodies raised against one or 
more epitopes on a non-CAR polypeptide antigen will specifically detect lhat polypeptide, and not a 
1 5 nuclear orphan receptor CAR polypeptide or other polypeptides. The determination that an antibody 
specifically binds to a particular polypeptide is made by any one of a number of standard 
immunoassay methods; for instance, Western blotting (See, e.g., Sambrook et aL (ed.). Molecular 
Cloning: A Laboratory Manual, 2nd ed., vol. 1-3, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, 1989). 

20 To determine that an antibody preparation (such as a preparation produced in a mouse 

against a non-CAR polypeptide) specifically detects the appropriate polypeptide (e.g., a non- CAR 
polypeptide) by Western blotting, total cellular protein is extracted firom cells and separated by SDS- 
polyacrylamide gel electrophoresis. The separated total cellular protein is transferred to a membrane 
(e.g., nitrocellulose), and the antibody preparation incubated with the membrane. . After washing the 

25 membrane to remove non-speciifically bound antibodies, the presence of specifically bound antibodies 
can be detected using an appropriate secondary antibody (e.g., an anti-mouse antibody) conjugated to 
an enzyme such as alkaline phosphatase since application of 5-bromo-4-chloro-3-indoIyl 
phosphate/nitro blue tetrazolium results in the production of a densely blue-colored compound by 
immuno-localized alkaline phosphatase. 

30 Substantially pure polypeptides suitable for use as an immunogen can be obtained firom 

- transfected cells, transformed cells, or wild-type cells. Polypeptide concentrations in the final 
preparation can be adjusted, for example, by concentration on an Amicon filter device, to the level of 
a few (xg/ml. In addition, polypeptides ranging in size from fiiU-length polypeptides to polypeptides 
having as few as nine anodno acid residues can be utilized as immunogens. Such polypeptides can be 

35 produced in ceU culture, can be chemically synthesized using standard methods, or can be obtained 
by cleaving large polypeptides into smaller polypeptides that can be purified. Polypeptides having as 
few as nine amino acid residues in lengfli can be immunogenic when presented to an immune system 
in the context of a Major Histocon^atibility Con5>lex (MHC) molecule such as an MHC class I or 
MHC class n molecule. Accordingly, polypeptides having at least 9, 10, 1 1, 12, 13, 14, 15, 20, 25, 
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30, 35, 40, 45, 50, 55, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 358 or more consecutive ammo 

acid residues of a non-CAR polypeptide can be used as innnunogens for producing antibodies. 

Monoclonal antibodies to any of the polypeptides disclosed herein can be prepared from 

murine hybridomas according to the classic method of Kohler & Milstein {Nature 256:495, 1975) or 

5 a derivative method thereof. Polyclonal antiserum containing antibodies to the heterogeneous 

q)itopes of any polypeptide disclosed herein can be prepared by immunizing suitable animals witii 

flie polypeptide (or fragment, frision, or variant thereof), which can be unmodified or modified to 

enhance immunogenicity. An effective immunization protocol for rabbits can be found in Vaitukaitis 

et al (J. Clin. Endocrinol Meiab. 33:988-91, 1971). 

1 0 Antibody fitigments can be used in place of whole antibodies and can be readily expressed 

in prokaryotic host cells. Methods of making and using immunologically effective portions of 

monoclonal antibodies, also referred to as "antibody firagments," are well known and include those 

described in Better & Horowitz (Methods EnzymoL 178:476-96, 1989), Glockshuber et al 

(Biochemistry 29:1362-7, 1990), U.S. Patent No. 5,648,237 ^Expression of Functional Antibody 

1 5 Fragments'*), U.S. Patent No. 4,946,778 ("Single Polypeptide CSbain Binding Molecules**), U.S. 

^ ' . . . • . - • 

Patent ko. 5,455,030 Clnrinimotiierapy Using Single CSiain Polypeptide Binding Molecules**), and 

references cited therein. 

CAR (nuclear diiihan constitiitive active receptbr)V tlie term "CAR" includes any CAR 
gene, cDNA, RNA, or protein from any organism, that has the property of being constitutively active in 

20 vitro and/or tiie ability in vivo to be inducible by a CAR-responsive steroid, such as estrogen, and/or tiie 
ability in vivo to be inducible by a CAR-responsive xenochemical, such as phenobarbital (PB) and 
TCPOBP. For example, CAR can induce a PB enhancer element in the presence of tihe xenochemical 
PB, by increasing transcription of a sequence operably linked to the PB enhancer element 

La one exan^le, CAR includes mammalian CAR sequences, such as mouse CAR (mCAR, for 

25 exanq)le Genbank Accession Nos. AF009327 and AAC53349) and human CAR (hCAR, for example 
Genbank Accession Nos. U90716 and AAC51234). In another example, a CAR sequence includes a 
full-length wild-type (or native) sequence, as well as CAR allelic variants, variants, fragments, 
homologs or fusion sequences that retain the ability to be constitutively active in vitro and/or the ability 
to activate a PB enhancer element in the presence of PB in vivo. In certain exanq)les, CAR will have at 

30 least 80% sequence identity, for example 85%, 90%, 95%, or 98% sequence identity to a native CAR. 

CAR transcription factor sequences, when expressed in a cell, activate enhancer elements of 
genes that encode various dmg-metabolizing enzymes, such as xenochemical/steroid-inetabolizing 
enzymes. For example, in response to PB, CAR can activate a PB enhancer element such as NRl, 
which increases transcription of sequences operably linked to die enhancer element. Although such 

35 activation occurs in response to a CAR-responsive xenochemical or steroid, in vitro this activation can 
occur non-specificaUy, that is, in tiie absence of a xenochemical or steroid. Activation and the 
responsiveness of CAR can be measured using the cell-based transfection assay described in 
EXAMPLE 1. 
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Non-CAR: A less constitutively active CAR that retains tiie ability to be induced by CAR- 
. responsive xenochemicals and steroids. For example, includes any nuclear oiphan receptor 
constitutively active receptor (or constitutive androstane receptor), that is not substantially 
constitutively active in vitro, such that the receptor has sufficientiy low activity that its induction by a 
5 CAR-responsive steroid and/or xenochemical can be detected in vitro when performing a cell-based 
transfection assay as described in EXAMPLE 1. In particular non-limiting exanq)les, non-CAR has 
- about 50% or less, 25% or less, 10% or less, 5% or less or 2% or less or even 0% constitutive activity as 
con5)ared to CAR for exanq)le in an in vitro cell-based transfection assay. 

Exanples of non-CAR sequences iaclude, but are not limited to, CAR sequences having one 

10 or more mutations corresponding to mCAR position Thrl76 and/or hCAR position Leu 342. Such 
mutations render the non-CAR polypeptide substantially non-constitutively active in vitro. In a 
particular example, non-CAR can be activated by agonistic confounds, such as CAR-responsive 
xenochemicals and/or steroids. Activation and the responsiveness of nonrCAR can be measured using 
the cell-based transfection assay described in EXAMPLE 1 . 

15 . cDNA (complementary DNA): A piece of DNA lacking internal, non-coding se^aent^ 

(introns) and regulatory sequences that determine transcri^ cDNA can be synthesked by reverse 
transcription from messenger RNA extracted from cells. 

^ Cbrnprisc^^ A term that means "including." For exanq)le, "comprising A.or B" means 

including A or B, or both A and B, unless clearly indicated otherwise. 

20 Conservative substitution: A substitution of one amino acid residue in a protein sequence 

for a different amino acid residue having similar biochemical properties. Typically, conservative 
substitutions have littie to no intact on the activity of a resulting polypeptide. For exanq>le, ideally, 
a non-CAR peptide including one or more conservative substitutions (for exan:q>le no more than 2, 5 
or 10 substitutions) retains non-CAR activity, such as being substantially constitutively active in 

25 vitro, and the ability to be induced by CAR-responsive xenochemicals and steroids. A polypeptide 
can be produced to contain one or more conservative substitutions by manipulating the nucleotide 
sequence tiiat encodes that polypeptide using, for example, standard procedures such as site-directed 
mutagenesis or PCR. In one example, such variants can be readily selected for additional testing by 
performing a cell-based transfection assay (such as those described in EXAMPLES 1-7) to determine 

30 if the variant retains non-CAR activity. 

Exanq>les of amino acids that can be substituted for an original amino acid in a protein and 
are regarded as conservative substitutions include: Ser for Ala; Lys for Arg; Gin or His for Asn; Glu 
for Asp; Ser for Cys; Asn for Glr^ Asp for Glu; Pro for Gly; Asn or Ghi for His; Leu or Val for He; 
lie or Val for Leu; Arg or Gkt for Lys; Leu or He for Met; Met, Leu or Tyr for Phe; Thr for Ser; Ser 

35 for Thr; Tyr for Trp; Trp or Phe for Tyr, and He or Leu for Val. Furtihier information about 

conservative substitutions can be found, for example in: Ben-Bassat et al., (Jl Bacterial 169:751-7, 
1987), ORegan et aU (Gene 77:237-51, 1989), Sahin-Toth et al, (Protein Sci. 3:240-7, 1994), 
HochuU et aU {Bio/Technology 6: 1321-5, 1988) and in standard textbooks of genetics and molecular 
biology. 
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Corresponding: A particular nucleic acid or amino acid in one sequence is said to 
correspond to a nucleic acid or amino acid in another sequence, if when the sequences are optimally 
aligned (for exanople using the software lalign or BLAST) the nucleic acids or amino acids align with 
one another. For example the following sequence: KMEDAV, amino acids 235-240 of mCAR« is 
5 said to "correspond" to the sequence TBEDGA, amino acids 225-230 of hCAR (see FIG. 1 Choi et al 
J. Biol Chem. 272:23565-71, 1997, for a full aligmnent of mCAR and hCAR). Therefore, K235 of 
mCAR corresponds to T225 of hCAR. In addition T176 of mCAR corresponds to T166 of hCAR 
and T176 of rat CAR. L352 of mCAR corresponds to L342 of hCAR and L352 of rat CAR. 

Deletion: The removal of a nucleic acid or amino acid sequence, for example DNA, the 

1 0 regions on either side heing joined together. 

DNA (Deoxyribonucleic acid): A long chain polymer that includes the genetic material of 
most living organisms (some viruses have genes including ribonucleic acid, RNA). The repeating 
units in DNA polymers are four different nucleotides, each of which includes one of the four bases, 
adenine, guanine, cytosine and thymine bound to a deoxyribose sugar to which a phosphate group is 

IS attached. Triplets of nucleotides, referred to as codons, in DNA molecules code for amino acid in a 
polypeptide. The term codon is also used for the correq>onding (and complementary) sequences of 
three nucleotides in the rri^A into which the DNA sequence is transcribed. 

Enhancer element: ^ A sequence diat regulates transcription of a nucleic acid sequence upon 
activatioii by an agent For exainple, PB and PB-type compounds (such as chlorinated pesticides, 

20 polychlorinated biphenyls, and chlorpromazine) activate NRl and PBREM enhancer elements, which 
results in increased transcription of sequences operably linked to these elements, such as a reporter 
gene sequence. For example, transcription can be increased by at least 10%, at least 20%, at least 
50%, at least 75%, at least 100%, at least 200% or even greater, as con^ared to the level of 
transcription in the absence of the agent 

25 Specific examples include, but are not limited to the PB-responsive enhancer NRl of the 

CYP2B gene (see Kawamoto et al Mol Endocrinol 14: 1897-1905, 2000); the PB-responsive 
enhancer PBREM of the Cy2bl0 gene (see Sueyoshi et al J, Biol Chem, 274:6043-6, 1999); the 
steroid/rifampicin-response element of the human CYP3A4 gene; and gtPBREM of the human UDP- 
glucuronosyltransferase gene (Sugatani et a/., Hepatology 33, 1232-8, 2001). 

30 Isolated: A biological conq>onent (such as a nucleic acid or protein) that has been 

substantially separated, produced apart fiom, or purified away from other biological components in 
the cell of the organism in which the conq)onent occurs, i.e., other chromosomal and 
extcachronoosomal DNA and RNA, and proteins. Nucleic acids and proteins which have been 
isolated include nucleic acids and proteins purified by standard purification methods. The term also 

35 includes nucleic acids and proteins prepared by recombinant expression in a host cell as well as 
chemically synthesized nucleic acids, proteins and peptides. 

Label: An agent that generates an amount of detectable signal. Examples of labels include, 
but are not limited to: fluorophores, chemiluminescent molecules, radioactive isotopes, Hgands, and 
enzymes. Methods for labeling and guidance in the choice of labels appropriate for various purposes 
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are discussed, e.g., in Sambrook et aL, Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press (1989) and Ausubel et al. Current Protocols in Molecular Biology, Greene 
Publishing Associates and Wiley-Intersciences (1987). 

Mammal: Includes both human and non-human inanamals. Exanyles of m a mmals include, 
5 but are not limited to: primates (such as apes and chin^anzees), dogs, cats, rats, mice, cows, pigs, 
sheep, horses, goats, and rabbits. 

Mutation: A substitution of a nucleic acid in a DNA sequence for a different nucleic acid, 
or a substitution of an amino acid residue in a protein sequence for a different amino acid residue. 
Mutations of a DNA or protein sequence can result in a different phenotype than the wild-type 
10 sequence. For exaniple, a protein having one or more mutations, such as two or more mutations, can 
have a different activity than the corresponding non-mutated (or wild-type) protein, 

Operably linked: A first nucleic acid sequence is operably linked with a second nucleic acid 
sequence when the first nucleic acid sequence is placed in a functional relationship with the second 
nucleic acid sequence. For instance, a promoter is operably linked to a coding sequence if the promoter 
15 affects tte transcription or expression of the codmgsequen^^ Generally, operably linked DNA 

' sequences are contiguous and,* where necessary to joih tWo protein coding regions, in the same reading 

frame.' . . . - 

ORF (open reading frame): A series of nucleotide triplets (codons) coding for amino acids 
without any termination codons. These sequences are usually translatable into a peptide. 

20 Pharmaceutically acceptable carriers: The pharmaceutically acceptable carriers usefiil in 

this disclosure are conventional. Remington *s Pharmaceutical Sciences, by E. W. Martin, Mack 
Publishing Co., Easton, PA, 15th Edition (1975), describes compositions and formulations suitable 
for pharmaceutical delivery of the peptides, nucleic adds, and other agents. 

In general, the nature of the carrier will depend on the particular mode of administration 

25 being enq>loyed. For instance, parenteral formulations usually conq>rise injectable fluids that include 
pharmaceutically and physiologically acceptable fluids such as water, physiological saline, balanced 
salt solutions, aqueous dextrose, glycerol or the like as a vehicle. For solid compositions (eg., 
powder, pill, tablet, or capsule forms), conventional non-toxic solid carriers can include, for exan^le, 
pharmaceutical grades of mannitol, lactose, starch, or magnesium stearate. In addition to 

30 biologically-neutral carriers, pharmaceutical con^ositions to be administered can contain minor 

amounts of non-toxic auxiliary substances, such as wetting or emulsifying agents, preservatives, and 
pH buffering agents and the like, for example sodiiun acetate or sorbitan monolaurate. 

PGR (polymerase chain reaction): A technique in which cycles of denaturation, annealing 
witii primer, and then extension with DNA polymerase are used to amplify the number of copies of a 

3 S target DNA sequence. 

Polynucleotide: A linear nucleic acid sequence of any length. Therefore, a polynucleotide 
includes molecules tiiat are at least 15, 25, 50, 75, 100, 200, 300, or 400 (oKgonucleotides) and also 
nucleotides as long as a full-length cDNA. 
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Pr omoter : An array of nucleic acid control sequences that direct transcr^tion of a nucleic 
acid. A promoter includes necessary nucleic acid sequences near the start site of transcrq>tion, such as, 
in the case of a polymerase H type promoter, a TATA element. A promoter also optionally includes 
distal enhancer or repressor elements that can he located as much as several thousand base pairs from 
5 the start site of transcription. 

Puriiled: The term purified does not require absolute purity; rather, it is intended as a relative 
term. Thus, for example, a purified peptide preparation is one in which the peptide or protein is more 
enriched than the peptide or protem is in its environment within a cell, such that the peptide is 
substantially separated from cellular components (nucleic acids, hpids, carbohydrates, and other 
1 0 polypeptides) that may accon^any it In another exanq>le, a purified peptide preparation is one in 

which the peptide is substantially-free from contaminants, such as those that might be present following 
chemical synthesis of the peptide. In particular examples, a substantially purified protein or peptide 
refers to proteins or peptides that are at least 50% pure, for example at least 70% pure. 

Examples of methods that can be used to purify an protein, include, but are not limited to the 
15 methods disclosed m iSambrook et al. {Molecular aoningyi Laboratory Manual, Cold Spring Harbor, 
- : New York, 1989, Oi 17). Pibtein purity can be deteraimed by, for exanq)le, pblyacrylato gel 
. dectrophoresis ofa protem sample, follow^ by vi 

$teinins the polyaciylamide gel; hi^-pressure liquid chromitoigTaphy; sequencing; or oihear 
Conventional methc Is. 

20 Reporter gene: A DNA sequence \;s^ose expression can be assayed, for exanq>le by detecting 

the production of a product. Examples mclude, but are not limited to lacz, p-galactosidase, amino acid 
biosynthetic genes such as the yeast LEU2 gene, luciferase or the mammahan chloran5>henicol 
transacetylase (CAT) gene. Reporter genes can be integrated into the chromosome of a cell or can be 
carried on autonomously replicating plasmids. 

25 Recombinant: A nucleic acid sequence tiiat is not naturally occurring or has a sequence that 

is made by an artificial combination of two otiierwise separated segments of sequence. This artificial 
combination is often acconq)lished by chemical synthesis or, more commonly, by tiie artificial 
manipulation of isolated segments of nucleic acids, e.g., by genetic engineering techniques. 

Sample: A material to be analyzed. For exanq)le, using the methods disclosed herein, a 

30 sample can be analyzed for the presence or absence of a CAR-responsive steroid and/or xenochemical. 

In one exan^le, a sample is a biological sample, and can contain genomic DNA, cDNA, RNA, 
or protein obtained from the cells of a subject Otiier exan^les of biological san:q>les, include, but are 
not limited to: peripheral blood, serum, plasma, urine, cerebrospinal fluid, pleural fluid, synovial fluid, 
peritoneal fluid, gastric fluid, saUva, lynq)h fluid, mterstitial fluid, sputum, stool, physiological 

35 secretions, tears, mucus, sweat, milk, semen, seminal fluid, vaginal secretions, fluid from ulcers and 
other surfece eruptions, blisters, and abscesses, tissue biopsy, surgical specimen, fine needle aspriates, 
amniocentesis san^les and autopsy materiaL 

In another exan^le, a sample is an environmental san^le. An environmental sanq)le includes 
samples obtained from extreme environments mcludmg, for example, hot sulfiir pools, volcanic vents. 
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and frozen tundra. Odier types of environmental samples include, but are not limited to: in horticulture 
and agricultural testing the sanrple can be a plant, fertilizer, soil, liquid or otiter horticultural or 
agricultural product; in food testing the sample can be fresh food or processed food; and m 
environmental testing the sample can be liquid, soil, sewage treatment, sludge and any other sanq)le in 
5 the environment which is considered or suspected of containing one or more CAR-responsive steroids 
and/or xenochemicals. 

Sequence Identity/similarity: The identity/similarity between two or more nucleic acid 
sequences, or two or more amino acid sequences, is ej^ressed in terms of the identity or similarity 
between the sequences. Sequence identity can be measured in terms of percentage identity; the higher 
10 the percentage, the more identical the sequences are. Sequence similarity can be measured in terms of 
percentage similarity (which takes into account conservative amino acid substitutions); tiie higher the 
percentage, the more similar the sequences are. Homologs or orthologs of nucleic acid or anuno acid 
sequences possess a relatively high degree of sequence identity/similarity when aligned using standard 
methods. This homology is more significant when the orlhologous proteins or cDNAs are derived from 
15 species that are more closely related (e.g., hunmn and mouse sequences), con^ared to species more 
distantly related (e,g., human and C. elegdns sequences). " • , ^ . 

. . Mediods of alignment of sequences for con^aribon are weU known. Various programs and 
alignment algorithms are described in: Smith & Waterman, Adv. Appl. Math. 2:482, 1981; Needleman 
& Wunsch, J. Mol. Biol. 48:443, 1970; Pearson & Lipman, Proc. NatL Acad. Set USA 85:2444, 1988; 
20 Higgins & Sharp, Gene, 73:237-44, 1988; ffiggins & Sharp, CABIOS 5:151-3, 1989; Corpet et al, Nuc. 
Acids Res. 16:10881-90, 1988; Huang a/. Computer Appls. in the Biosciences 8, 155-65, 1992; and 
Pearson et al, Meth. Mol Bio. 24:307-31, 1994. Altschul et al, J. Mol Biol 215:403-10, 1990, 
presents a detailed consideration of sequence alignment methods and homology calculations. 

The NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al, J. Mol Biol 
25 215:403-10, 1990) is available from several sources, including the National Center for Biological 

Information (NCBI, National Library of Medicme, Building 38A, Room 8N805, Bethesda, MD 20894) 
and on the Internet, for use in connection with the sequence analysis programs blas^, blastn, blastx, 
tblastn and tblastx. Additional information can be found at the NCBI web site. 

For comparisons of amino acid sequences of greater than about 30 amino acids, the Blast 2 
30 sequences fiinction is employed using the default BLOSUM62 matrix set to default parameters, (gap 
existence cost of 1 1, and a per residue gap cost of 1). Non-CAR homologs are typically characterized 
by possession of at least 70% sequence identity counted over the fiill-length alignment with a non-CAR 
amino acid sequence using the NCBI Basic Blast 2.0, gapped blastp with databases such as flie nr or 
swissprot database. Queries searched with the blastn program are filtered with DUST (Hancock and 
35 Armstrong, 1994, Comput Appl BioscL 10:67-70). Other programs use SEG. In addition, a manual 
alignment can be performed. Proteins with even greater similarity to non-CAR sequences (which can 
be used in tiie disclosed methods) will show increasing percentage identities when assessed by this 
method, such as at least 75%, 80%, 85%, 90%, 95%, or 99% sequence identity. 
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When aligning short peptides (fewer than aroimd 30 amino acids), the alignment should be 
performed using the Blast 2 sequences function, employing the PAM30 matrix set to default parameters 
(open gap 9, extension gap 1 penalties). Non-CAR proteins with even greater similarity to the reference 
sequence (which can be used in the disclosed methods) show increasing percentage identities when 
5 assessed by this method, such as at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity. When 
less than tite entire sequence is being compared for sequence identity, homologs will typically possess 
at least 75% sequence identity over short windows of 10-20 amino acids, and can possess sequence 
identities of at least 85%, 90%, 95% or 98% depending on their identity to the reference sequence. 
Methods for determining sequence identity over such short windows are described at the NCBI web 
10 site. 

One indication that two nucleic acid molecules are closely related is that the two molecules 
hybridize to each other under stringent conditions. Stringent conditions are sequence-dependent and are 
different under different environmental parameters. Nucleic acid molecules that hybridize under 
stringent conditions to a non-CAR gene sequence (which can be used in the disclosed methods) 
15 typically hybridize to a probe based on dther an entire non-CAR gene or selected portions of tfie gene, 
respectively, under conditions described in EXAMPLE 9. An altemative (and not necessarily 
cumulative) iiriication that two ^cleic acid sequences are substantially identical is that tlie polypeptide 
which the first nucleic acid encodes is immunplbgica^ with the polypeptide encoded by 

the second nucleic acid. 

20 Nucleic acid sequences that do not show a high degree of identity to a non-CAR sequence may 

nevertheless encode identical or similar (conserved) amino acid sequences, due to the degeneracy of the 
genetic code. Changes in a non-CAR nucleic acid sequence can be naade using this degeneracy to 
produce multiple nucleic acid molecules tiiat all encode substantially the same protein, and can be used 
in flie disclosed methods. Such homologous nucleic acid sequences caii, for example, possess at least 
25 70%, 80%, 90%, 95%, 98%, or 99% sequence identity determined by tins mefliod. 

One of skill in the art will appreciate that these sequence identity ranges are provided for 
guidance only, it is possible that strongly significant non-CAR honM>logs can be obtained that fall 
outside the ranges provided. 

Specific binding agent: An agent that binds substantially only to a defined target. For 
30 example, a non-CAR binding agent includes non-CAR antibodies, such as polyclonal or monoclonal 
antibodies, and other agents (such as peptides or drugs) that bind substantially to only a non-CAR 
protein, and ideally do not bind to a CAR protein. 

Steroid: A group name for lipids that contain a hydrogenated 
cyclopentanoperhydrophenanthrene ring system. £xanq[>les include, but are not limited to: 
35 progesterone, androgens, testosterone, estradiol, estrogen, cardiac agjycones, bile acids, sterols (such 
as cholesterol), toad poisons, saponins and some of the carcinogenic hydrocarbons. In one exaniple, 
a CAR-responsive steroid, such as estrogen, is one that can activate CAR and result in steroid 
metabolizing or degrading activity. 
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Steroid-metabolizing enzymes are enzymes that process and/or degrade steroids, tiiereby 
decreasing their toxicity and/or carcinogenicity. Such activity is referred to as steroid metabolizmg 
or degrading activity. Without wishing to be bound to a particular theory, it is thought that m mice, 
in response to estrogen e3q)0sure, CAR in the cytoplasm translocates into the nucleus, forms a 
5 heterodimer witibi the appropriate receptor, and activates the appropriate enhancer element leading to 
increased expression of genes encoding for estrogen-metabolizing enzymes. In contrast, in mice, 
progesterone and androgens repress CAR activity. 

Subject: Includes any mammalian subject, such as a human or veterinary subject 
Test agent: An agent to be tested for a desired activity, such as an ability to promote the 
10 metabolization of one or more CAR-responsive xenochemicals or one or more CAR-responsive 
steroids. 

Transformed: A cell into which has been introduced a nucleic acid molecule by molecular 
biology techniques. As used herein, transformation encon:q>asses all noethods by which a nucleic acid 
molecule can be introduced into such a cell, including transfection with viral vectors, transformation 
1 5 with plasmid vectors, and introduction of naked DNA by electroporation, lq)ofection, and particle 
giui acceleration. 

Vari wts^ fragnients or iuinon prote^ The disclosed abn-CAR sequences include 
variants, ftagrdents, and fusions thereof tfiat retain desired properties, such as responsiveness to 
desired test agents, such as CAR-responsiVe xenochemicals and estrogens arid/or ihe ability to 

20 enhance transcription of xenochemical and/or steroid metabolizing enzymes. DNA sequences which 
encode a non-CAR protein or fusion thereof, or a fragment or variant of thereof (for example a 
fragment or variant having 80%, 90% or 95% sequence identity to a non-CAR sequence) can be 
engineered to allow the protein to be e:q)ressed in eukaryotic cells or organisms, bacteria, insects, 
and/or plants. To obtain expression^ the DNA sequence can be altered and operably linked to other 

25 regulatory sequences. The final product, which contains the regulatory sequences and tihie protein, is 
referred to as a vector. This vector can be introduced into eukaryotic, bacteria, insect; and/or plant 
cells. Once inside the cell the vector allows the protein to be produced. 

A fiision protein including a protein, such as non-CAR (or variants, polymorphisms, 
mutants, or fragments thereof) linked to other amino acid sequences that do not inhibit the desired 

30 activity of non-CAR, for example fhe characteristic of having decreased constitutive activity in vitro. 
In one example, the other amino acid sequences are no more than about 10, 20, 30, or 50 amino acid 
residues in length. 

One of ordinary skill in the art will appreciate that tiie DNA can be altered m numerous 
ways without affecting the biological activity of the encoded protein. For example, PCR can be used 
35 to produce variations in the DNA sequence which encodes non-CAR. Such variants can be variants 
optimized for codon preference in a host cell used to express the protein, or other sequence changes 
that facilitate expression. 

Vector: A nucleic acid molecule as introduced into a host cell, thereby producing a 
transformed host cell. A vector can include nucleic acid sequences that permit it to replicate in &e 
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host cell, such as an origin of replication. A vector can also include one or move selectable marker 
genes and other genetic elements. 

Xenochemical: A chemical foreign to an organism (Le., a non-endogenous chemical). 
Exainples include, but are not limited to, a dmg, pesticide, or environmental contaminant In one 
5 exaniple, a CAR-responsive xenochemical is one that can activate CAR and result in xenochemical- 
metabolizing or degrading activity. Particular examples of CAR-responsive xenochemicals include, 
but are not not limited to: phenobarbital (PB); 1,4-bis [2-(3,5-dichloropyridyloxy)] benzene 
(TCPOBOP); andPB-type inducers such as chlorinated pesticides, methoxychlor, l,l,l-trichloro-l,2- 
bis(o.p'-chlorophenyl)ethane); chlorpromazine; poly-chlorinated biphenyls; and organic solvents (Le. 
1 0 acetone and pyridine). 

Xenochemical-metabolizing enzymes, such as cytochrome P450s and specific transferases 
such as glutathione S-transferases, glucuronosyltransferases, and sulfotransferases, are enzymes that 
process and/or degrade xenochemicals, ibscehy decreasing tiieir toxicity and/or carcinogenicity. Such 
activity is referred to as xenochemical meta1x>lizing or degrading activity. Without wishing to be 
15 bound to a particular flieory, it is thought that in response to xenochemical exposure, CAR in die 
. cyte^lasm translocates into the im . 
activates the appropriate enhancer element Ipadmg to increased expression of genes encoding for 
xenochemical-metabolizing enzyiTO 

20 Non-Constitutively Active Nuclear Orphan Receptors 

The nuclear orphan receptor CAR displays strong constitutive activity in a cell-based 
transfection assay, whereas the activation is tightiy regulated by various endogenous and exogenous 
agonistic chemicals in liver in vivo. Until now, tiie structural basis for the constitutive activity was 
unknown. To identify the structural basis for tiie constitutive active nature of CAR, site-directed 

25 mutagenesis was used to convert CAR from a constitutive active receptor to a xenochemical 
(agonist)-responsive recq)tor. 

It is demonstrated herein tiiat the hormone response activity of CAR resides near or within 
the AF-2 domain of mCAR, and that a single mutation of mCAR ThrBSO to the corresponding Met in 
human CAR (hCAR) aboHshed the repressive activity of mCAR by steroid hormones. Thr350 

30 appears to regulate the hormone responsiveness of mCAR by interfering indirectly with an interaction 
of the receptor with co-activator. Therefore, mutations in the amino acid corresponding to mCAR 
Thr350 (such as an Thr350Met mutation) can be used to decrease or eliminate hormone 
responsiveness of CAR Using molecular modeling, it was determined that the side chains of mCAR 
Thr350 and mCAR Thrl76 interact (see FIGS. 2A and 2B). Following a mutational analysis, it is 

35 herein demonstrated that residues Thrl76 and Leu352 each confer constitutive activity to mCAR. In 
addition, it is herein demonstrated that hCAR Leu342, alone or in combination with hCAR Leu 343, 
confers constitutive activity to hCAR 

Polypeptides, such as purified polypeptides, that encode a non-constitutively active nuclear 
orphan receptor (non-CAR) are disclosed. In one exanq)le, the non-CAR polypeptides include one or 
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more mutations, such as two or more mutations, corresponding to mCAR position Thrl76, mCAR 
position Leu352, mCAR position Leu353, mCAR position Glu355, hCAR position Leu342, and/or 
hCAR position Leu 343, that render the polypeptide substantially non-constitutively active, such as a 
decrease in constitutive activity of at least 20%, at least 50%, at least 75%, at least 80%, at least 90%, 
5 at least 95%, at least 98%, or even 100%. For example, in the absence of a CAR-responsive steroid 
and/or xenochemical (that is a xenochemical or steroid tiiat would nomaally induce CAR), the 
receptor does not substantially confer the ability of an enhancer element to increase transcription of a 
sequence operably linked to the enhancer element Constitutive activity can be measured using the 
cell based transfection assay described in EXAMPLE 1, 

10 In one exanqile, one or more mutations in hCAR render the polypeptide non-constitutively 

active, but does not substantially eliminate the ability of the polypeptide to confer xenochemical 
metabolizing activity to a xenochemical-metabolizmg enzyme that would normally be induced by 
CAR. For example, in the presence of a CAR-responsive xenochemical, the xenochemical confers 
the ability of the non-CAR polypeptide to increase transcription of a nucleic acid sequence (such as a 

15 xenorhfiTTrif^al metabolizing eazymst) operably linked to an enhancer element 
Exaii^iles bf specific mutati^ 
substantially non-cbnstitutiVely active mclude, but are not limited to: a ThillS to Vall76 (TI76V) 

; cr- ^mutati6n,'aT&176toI^ul1^6^^^^^ 

Ala353 (L353A) and/or a Glu355 to Ala355. Exanqples oi specific mutations that can be made to an 

20 hCAR polypeptide to render it substantially non-constitutively active include, but are not limited to: a 
Leu342 to Ala342 (L342A) mutation, a Leu343 to Ala343 (L343A) mutation, or bofli a L342A and a 
L343A mutation. One skilled in the art will understand that corresponding mutations can be made in 
other CAR peptides, such as Leu352 to Ala352 of rat CAR. 

Jn a further exanq)le, a non-CAR polypeptide can also include one or more, such as two or 

25 more conservative amino acid substitutions, as long as the polypeptide retains non-CAR biological 
activity; that is, the substitutions do not substantially eliminate the non-constitutive activity of the 
polypeptide. In one example, the non-CAR polypeptide includes no more than about 10, such as no 
more than 5, or no more than 2, conservative amino acid substitutions. 

In a particular example, a non-CAR polypeptide confers xenochemical metabolizing activity 

30 to a CAR-responsive xenochemical-metabolizing enzyme, wherein the xenochemical metabolizing 
activity can be detected in vitro. In one example, expression of the xenochemical-metabolizmg 
enzyme is regulated by an enhancer element Xenochemical-metabolizing enzymes can metabolize 
and/or degrade xenochemicals, including, but not limited to phenobarbital (PB) or 1,4-bis [2-(3,5- 
dichloropyridyloxy)] benzene (TCPOBOP). 

35 In an additional or alternative example, a non-CAR polypeptide confers steroid metabolizing 

activity to a steroid-metabolizmg enzyme, wherein the steroid metabolizing activity can be detected 
in vitro. Steroid-metabolizing enzymes can metabolize and/or degrade steroids, including, but not 
limited to estrogen or estradiol. 
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Isolated nucleic acid molecules that encode the non-CAR polypeptides aie disclosed. Such 
isolated nucleic acids can be operably linked to a promoter sequence. The nucleic acid can be a 
recombinant nucleic acid and/or part of a vector. Cells transformed with recombinant nucleic acids 
encoding a non-CAR polypeptide are disclosed. In one example, such cells include steroid 
5 metabolizing activity and/or xenochemical metabolizing activity. Transgenic mammals, such as a 
transgenic mouse, that include a recombinant nucleic acid encoding a non-CAR polypeptide are 
disclosed. 

Specific-binding agents, such as drugs or antibodies, are disclosed that specifically bmd to a 
non-CAR polypeptide but do not bmd to a nuclear orphan receptor CAR. Also disclosed are 
10 con^ositions which include the disclosed peptides and/or nucleic acids. In one exan^le, the 
composition iacludes a pharmaceutically acceptable carrier. 

Kits are disclosed diat include a non-CAR polypeptide and/or a nourCAR nucleic acid. 
Such kits can include one or more agents Ihat increase transcription of a nucleic add sequence 
operably linked to an enhancer element, as conq)ared to transcription in the absence of the agent 
15 Examples of agents that can be included in the kit, inchide but are not limited to one or more, such as 
two or more, CAR-re^nsive stero - ; ^ • . - ^ 

' ■ '^rV. • ••':•*'■* /• ■ ^v.' • • \ 

^ Methods are disclosed for generating a substantially non-constitutively active CAR. The 
20 method includes introducing one or more mutations, such as two or more mutations, such as no more 
than two mutations, into a native CAR sequence. Ideally, the mutation(s) that renders CAR non- 
constitutively active do not substantially interfere with the abiUty of non-CAR to be responsive to a 
CAR-responsive xenochemical or CAR-responsive steroid. That its, non-CAR molecules retain die 
ability to confer steroid metabolizing activity to a steroid-metabolizing enzyme and/or xenochemical 
25 metabolizing activity to a xenochenrical-metabolizing enzyme. 

Examples of mutations that render non-CAR non-constitutively active, include, but are not 
limited to one or more mutations corresponding to mCAR positions Thrl76, Leu352, Leu353, as well 
as hCAR positions L343 and/or Leu342. Specific exan^les of mutations include, but are not Umited 
to a T176V mutation, a T176L mutation, a L352A mutation, a L353A mutation, a L342A mutation, 
30 and/or a L343A mutation. 

Also disclosed are methods for screening one or more test agents, such as two or more test 
agents, to identify agents that activate xenochemical and/or steroid metabohzing enzymes, for 
example enhance such activation. The method includes exposing non-CAR to a test agent(s), and 
35 subsequently detecting steroid and/or xenochemical metabolizing activity. The non-CAR 

polypeptide is substantially non-constitutively active, while retaining the abiHty to be substantially 
responsive to CAR-responsive test agents, xenochemicals, and steroids. For exan5)le, a cell 
expressing one or more non-CAR peptides is contacted with the test agent(s), and die resulting effect 
on steroid and/or xenochemical metabolizing activity determined. In one example, the ceD contacted 
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with the test agent(s) includes one or more non-CAR peptides and a nucleic acid sequence (such as a 
reporter gene sequence) operably Imked to a xenochemical or steroid-specific enhancer element. If 
the agent(s) induces steroid and/or xenochemical metabolizing enzymes, non-CAR will be activated 
and mteract with the enhancer element, thereby increasing transcription of the nucleic acid sequence 
5 operably linked to the enhancer element Transcription of the nucleic acid sequence can be detected, 
for example by analyzing mRNA or cDNA expression. Alternatively, the nucleic acid sequence is a 
reporter gene sequence which produces a detectable product, such as luciferase or CAT. A 
determination can be made as to whether the test agent(s) increases transcription of the nucleic acid 
sequence operably linked to the enhancer element For example, presence of the product indicates 

10 that test agent conferred the ability of the non-CAR polypeptide to activate transcription of the 

nucleic acid sequence operably linked to tiie enhancer element thereby resultmg m production of the 
product from the reporter gene. Such agents are good candidates for reducing the presence of a 
xenochemical, such as in a subject. In contrast, absence of detectable product indicates tiiat the non- 
CAR polypeptide was not activated by the test agent, and thus the test agent does not increase 

1 5 transcription of a n\u:Ieic acid sequence operably linked to an enhancer element 

M one exainple, the cefl is a transformed cell. In another exampie, the transformed cell is in 
a subject, such as a transgenic'^mammal, and fUe test agent is administered to the mammal. Examples 
of cells that can be used, mclude, but aire not limited to a bacterial cell, yeast cell, plant cell, fongal 
ceil, or mammalian cell, such as a liver cell. 

20 Examples of enhancer elements tihat can be used to practice the methods disclosed herem 

include, but are not limited to a xenochemical or a steroid metabolizing enzyme enhancer element 
An exainple of a xenochemical enhancer element is a PB enhancer element, such as NRl or PBREM 
sequences. 

In one example, downstream products of non-CAR can be detected as an alternative to 
25 detecting the presence of a product encoded by the nucleic acid sequence operably linked to the 

enhancer element In this example, the ceU expresses non-CAR. For example, a transgenic mammal, 
such as a transgenic mouse, expressing non-CAR, is administered one or more test agents. 

The ability of the non-CAR polypeptide to increase transcription of one or more non-CAR 
regulated genes can be determined, for exanq)le by measuring cDNA expression of such regulated 
30 genes. Presence of induction or repression of a non-CAR regulated gene indicates that test agrat 
" conferred die ability of tite non-CAR polyp^tide to alter transcription of the non-CAR regulated 
gene. In contrast absence of induction or repression of a non-CAR regulated gene indicates that the 
non-CAR polypeptide was not activated by the test agent, and thus die test agent does not alter 
transcription of die non-CAR regulated gene. Examples of non-CAR regulated genes include, but are 
35 not limited to, CYP2B10 and PB-induced enzymes. 

The agents identified using this method which have the ability to induce xenochemical 
metabolizing activity can be administered to a subject exposed to one or more CAR-responsive 
xenochemicals, in order to reduce the presence of die xenochemical in the subject The agents 
identified using this method which have the ability to induce steroid metabohzing activity can be 
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admirdstered to a subject in whom altered levels of CAR-responsive steroids is desired. Jn one 
exanq)le, the agent is administered at a therapeutically effective dose to increase steroid and/or 
xenochemical metabolizing enzyme activity. 

Methods are disclosed for using the disclosed non-CAR sequences to analyze a sample, for 
5 exan9>le a sample suspected of including one or more CAR-responsive estrogen or estrogen-like 
chemicals, and/or one or more CAR-responsive xenochemicals (such as PB). For example, a cell 
e3q)ressing one or more non-CAR peptides, such as a transgenic cell, is contacted with the somple of 
interest, and the resulting effect on steroid and/or xenochemical metabolizing activity determined. 
For example, the cell contacted with the sample can express one or more non-CAR peptides and a 

10 nucleic acid sequence (such as a reporter gene sequence) operably linked to an enhancer element If 
the sample contains an agent(s) ibat induces steroid and/or xenochemical metabolizmg enzymes, non- 
CAR will be activated and interact with the enhancer element, thereby increasing transcription of tiie 
nucleic acid sequence operably linked to the enhancer element The transcription of the nucleic acid 
sequence can be detected, for cxsanple the nucleic acid sequence can produce a detectable product, 

15 such as luciferase. The presence of flie detectable product indicates that tiie sample contams one or 
'mbxe'CAR-respbnavestCT 

These and additional features are. ferflier explained by the following non-imiiting exanq>les. 

20 EXAMPLE 1 

Hormone Responsiveness of mCAR is Associated with the Ligand Binding Domain (LBD) 

To determine the structural basis of the hormone responsiveness observed in the mouse 
CAR (mCAR), chimeric mouse and human CARs were constructed, and their response to steroid 
hormones measured in cell-based transfection assay. 

25 Employmg multq)le sequence ahgnments (Giguere, Endocr Rev 20:689-725, 1999), the 

putative DNA and Hgand binding domains (DBD and LBD, respectively) and the hinge region were 
defined for mouse and human CAR (mCAR and hCAR) amino acid sequences (FIG. 1). From this 
analysis, cDNAs encoding various chimeric receptors were constructed between mCAR and hCAR at 
junctions of the domain and hinge regions, and cloned into pCR3 as follows. 

30 mCAR and hCAR expression vectors were constmcted by cloning an entire mCAR 

(GenBank Accession No: AF009327) or hCAR (GenBank Accession No: Z30425) codmg sequence 
into BamHI and JWio/ sites of pCR3 plasmid as described previously (Sueyoshi et aL, J Biol Chem 
274:6043-6, 1999). Polymerase cham reaction (PCR) was used to an5)lify the desired hCAR or 
mCAR fragment from the plasmid. The amplified fiagments used for the chnneras were nucleotides 

35 encoding ammo acids: 1 to 86 of mCAR and 77 to 348 of hCAR (mhh), 1 to 116 of mCAR and 107 
to 348 of hCAR (mmh), 1 to 76 of hCAR and 87 to 358 of mCAR (hmm), 1 to 106 of hCAR and 1 17 
to 358 of mCAR (hhm). These fragments were PCR anq)lified using pfu polymerase and 
- enzymatically phosphorylated primers. The amplified fragments were hgated, and a second PCR 
anq)lification was performed on the ligated DNA with the primers for 5* and 3' end of the chimeric 
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DNA. The resulting second PGR products were cloned into a pCR3 vector (Invitrogen) with newly 
created BaniHT and Xhol sites at the 5' and the 3' ends, respectively. All chimeras were confumed by 
sequencing. 

The function of chimeric recq>tors with respect to their response to steroid hormones was 
5 examined by co-transfecting the chimeric receptors with the reporter plasmid (NRl)5-tk (thymidine 
ldnase>luciferase (Kawamoto et al, Mol Cell Biol 19:6318-22, 1999) into HepG2 cells as follows. 
HepG2 cells (ATCC, Manassas, VA) were cultured in minimal essential mediiun supplemented with 
10% fetal bovine serum. Cells were plated in 24-well plates one day before transfection. The 
(NRl)5~tk-luciferase plasmid (0.1 fig) was co-transfected with a CAR expression plasmid described 

10 above (0.2 ^ig) and pRL-SV40 (0.2 pig) (used as the control expression, Promega) into HepG2 cells 
by calcium phosphate co-precipitation using a CellPhect Transfection kit (Amersham Pharmacia 
Biotech, Piscataway, NJ). Sixteen hours later, the transfected cells were treated for another 24 hours 
wifliDMSO (as a control), KN62 (Calbiochem), progesterone (Sigma) TCPOBOP (1,4-bis [2.(3,5- 
dichloropyridyloxy)] benzene) (synthesized using the method described in MoL Pharmacol 28:445- 

1 5 53, 1985), PB (phenobarbital), and/or E2 (estradiol) (Sigma), and hiciferase activity measured using 
the Dual-Luciferase reporter assay systein (Promega, Madison, Wf). If CAR is constitutively active 
or activated by one of the agents listed above, it will activate expression of the luciferase gene 
encodedby tiie (NRl)5-tk-luciferase plasiiiid, tiie production of which can be monitored using a 
r€5)orter assay. 

20 mCAR activity was repressed by progesterone and re-activated by E2, whereas these 

steroids did not alter the activity of hCAR. The hormone-responsive repression and activation of 
mCAR decreased or was absent only when the LBD was replaced with its human counterpart (mhh 
and romh). Consistent with the role of mLBD in tiie hormone responsiveness, hCAR acquired this 
responsiveness by replacing its LBD with mLBD (hmm and hhm). Thus, tiie hormone response 

25 activity is associated with the mouse LBD. 

EXAMPLE 2 

Thr350 is a Primary Determinant Conferring Hormone Responsiveness to mCAR 
To identify the region of the mouse LBD responsible for the observed hormone 
30 responsiveness, chimeric receptors within the mouse LBD were constmcted by replacing mouse LBD 
sequences with corresponding sequences from a human LBD as follows: 1 to 159 of mCAR and 150 
to 348 of hCAR (mhl59), 1 to 224 of mCAR and 215 to 348 of hCAR (mh224), 1 to 315 of mCAR 
and 306 to 348 of hCAR (mh3 15), and 1 to 345 of mCAR and 336 to 348 of hCAR (mh345) (FIG. 
1 A). These constracts were generated using PCR and standard cloning methods, as described above 
35 in EXAMPLE 1. The hormone responsiveness for each constract was exammed usmg the 
transfection and luciferase assay methods described in EXAMPLE 1 . 

None of these chimeric receptors was repressed by progesterone, indicating that one or more 
residues after position 345 in mCAR is responsible for the observed hormone responsiveness. Based 
on a sequence aHgnment analysis, the 13 C-terminal residues (positions 346 to 358 of mCAR) 
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constitute an activation function 2 (AF2) domain. The AF2 domain is a C-tenninal sequence of 
nuclear steroid receptors that modulates a trans-activation function of the receptors. Although it is 
known that mCAR looses its constitutive activity by an AF2 mutation (Leu352Ala or Glu355Ala) or 
the deletion of the AF2 domain (Choi et aL, J Biol Chem 272:23565-71, 1997), Leu352 and Glu355 
5 are conserved in both mCAR and hCAR and are tiierefore not likely to determine species differences 
in the capability of responding to steroid homiones. 

Alignment of the C-terminal mCAR 13 residues with the corresponding residues of hCAR 
(positions 336 to 348) revealed two amino acid differences: Thr350 and Gly354 of mCAR were 
substituted in hCAR with Met340 and Ghi344, respectively. Accordingly, Thr350 and Gly354 of 

10 mCAR were mutated to methionine (mCARxssoM) and glutamine (mCARG354Q)> respectively. In 
addition, mCAR mutants containing bofli substitutions QTSSOM and G354Q, dm, were generated). 
As a control, hCAR Met340 was mutated to Thr (M340T). Mutations were introduced by PGR using 
the appropriate nucleotide primers (Table 1), and the QuickChange site-directed mutagenesis system 
(Stratagene, La Jolla, CA) according to the mstniction manual. All mutations were confirmed by 

15 sequencing. The resulting mutated sequences were cloned into pCR3 vectors and co-transfected into 
KepGl cells along with (NRl )5-tic-taw5ife^e plasmid and pRL-SV40. the transfected ceUs were 
- thenltreated, and liiciferase assays performed as described in EXAMPLE 1 . ' ^ 



Table 1: Primers used to mutate CAR 



Primer description 


Primer Sequence 


SEOIDNO. 


T176V mCAR, Forward 


TTT GCA GAT ATC AAC GTG TTT ATG GTG C AA CAG 


1 


T176V mCAR, Reverse 


CTG TTG CAC CAT AAA CAC GTT GAT ATC TGC AAA 


2 


Tl 76L mCAR, Forward 


TTT GCA GAT ATC AAC CTG TTT ATG GTG CAA CAG 


3 


T176L mCAR, Reverse 


CTG TTG CAC CAT AAA CAG GTT GAT ATC TGC AAA 


4 


L352A mCAR, Forward 


TCT GCT ATG ACG CCG GCG CTC GGG GAG ATT TGC 


5 


L352A mCAR, Reverse 


GCA AAT CTC CCC TAT CGC CGG CGT CAT AGC AGA 


6 


M340T/hCAR, forward 


CTG TCT GCC ATG ACG CCG CTG CTC CAG GAG 


7 


M340T/hCAR, reverse 


CTC CTG GAG CAG CGG CGT CAT GGC AGA CAG 


8 


T350M/mCAR, Forward 


GAA CTG TCT GCT ATG ATG CCG CTG CTC GGG GAG 


9 


T350M/mCAR, Reverse 


CTC CCC GAG CAG CGG CAT CAT AGC AGA CAG TTC 


10 


G354Q/mCAR, Forward 


ATG ACG CCG CTG CTC CAG GAG ATT TGC AGT TGA 


11 


G354Q/mCAR, Reverse 


TCA ACT GCA AAT CTC CTG GAG CAG CGG CGT CAT 


12 


T350M/G354Q/mCAR; 
mh345 mCAR, Reverse 


TTC CTC CAA GCG CTG AAG TT 


13 


hCAR, Forward 


CTG TCT GCC ATG ATG CCG CT 


14 



20 

The mutant mCARrssoM lost its ability to be repressed by progesterone, whereas the 
mCARG354Q mutant retamed a reduced ability to be repressed by progesterone. The double mutation 
(mCART350M/G354Q) showcd similar activity as obsenred with the Thr350 mutant (mCARjasoM). In 
addition to progesterone, testosterone repressed wild-type mCAR but not the T350M mutant 
25 Substituting Met340 with Thr (hCARM34aT) did not alter the non-responsiveness of tiie human 
receptor activity to steroid hormone. 

In dose-dependent experiments, 0.1, 03, 1.0, 3.0, or 10 ^iM of progesterone or 10 
progesterone with 0.1, 0.3, 1, 3, or 10 jiM estradiol was incubated with the transfected cells and 
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luciferase activity determined as described above. Low concentrations of progesterone (1-10 \iM) 
was sufficient to repress NRl -luciferase reporter gene activity of wild-type mCAR, wMe the mutant 
mCARnsoM was not repressed at even 10 nM progesterone. In addition, estradiol (E2) fully activated 
wild-type mCAR in the presence of progesterone (10 jiM), whereas mutant mCARnsoM could not be 
5 activated by E2. These results indicate that Thr350 is a primary determinant confeiring hormone 
responsiveness to mCAR. 

EXAMPLE 3 

Thr350 is not Involved in Co-activation of CAR by SRC-1 

1 0 AF2 domains regulate receptor activity by direct interaction with co-regulators (Glass and 

Rosenfeld, Genes Dev 14:121-41, 2000). The co-activator steroid receptor co-activator 1 (SRC-1) 
was previously shown to enhance the CAR-mediated activity of the PB-responsive enhancer module 
OPBREM) in a cell-based transfection assay (Muangmoonichai et al^ Biocheni J 355:71-8, 2001 and 
Zelko et al, Mol Cell Biol 21 :2838-46, 2001). Because Thr350 resides within or near a predicted 

15 AF2dpmamofmCAR,theroleofIhr350inregulati^^ 
tTfittisfection of a SRC-l-expressidii plasim 

A mouse SRC-1 cDNA corresponding to amino acid residues 633 to^'MSO of SRC-1 
(GenB^ A:ccession No: U64828),.was amphfied and cloned into die EcoRI andjiindlJI site of 
pcDNA3.1/myc-ffis(-)B plasmid (Invitrogen), thereby generating the SRC-1 -expression plasinid 

20 pcDNA3.1-SRC-l. Wild-type mCAR or mCARrssoM was co-transfected with or without the SRC-1- 
expression plasmid (0.1 ^ig) into HepG2 cells. The cells were incubated in various concentrations of 
progesterone (0.1, 0.3, 1, 3, and 10 fiM) and NRl-luciferase reporter gene activity measured as 
described m EXAMPLE 1. 

Co-e>q>ression of SRC-1 increased tiie trans-activation activity of both wild-type mCAR and 

25 mutant mCARtasoM by about 3- to 4-fold (relative to DMSOtreated cells). Even 10 \iM progesterone 
did not repress the SRC-1 -dependent increased activity of flie mutant receptor. In contrast, SRC-1 
prevented the repression of tiie wild-type mCAR by progesterone at any concentration up to 10 ^iM. 
These results indicate that Thr350 does not play a role in the co-activation by SRC-1 in the absence 
of progesterone under the experimental conditions used. However, Thr350 does regulate flie co- 

30 activation in the presence of progesterone. 

EXAMPLE 4 

Thr350 is not Involved in Repression of CAR by KN-62 
In addition to the endogenous steroid hormones progesterone and testosterone, the 
35 exogenous Ca^Vcalmodulin kmase inhibitor, KN-62 represses the constitutive activity of mCAR, but 
not hCAR (Kawamoto et al, Mol Endocrinol 14:1897-905, 2000), To determine if Thr350 is 
mvolved in mCAR repression by KN-62 as observed with steroid hormones, the domain-based 
chimeric receptors generated in EXAMPLE 1 were used to localize a region of mRNA responsible 



\ 
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for r^ression by KN-62. Experiments were perfonned as described in EXAMPLE 1, except that 
KN-62 was used instead of progest^one. 

KN-62 repressed fbe activity of chimeras Imim and hhm and the repressed chimeric 
receptors by 2-4 fold, and were re-activated by TCPOBOP. These results indicate that the mouse 
5 LBD dictates the KN-62 repression of mCAR as well as the re-activation by TCPOBOP* 

To determine if this effect could be disrupted by mutating Thr350 to a Met, tiie mCARjasoM 
mutant described in EXAMPLE 2 was used. The KN-62 repression was examined with and without 
the co-expression of SRC-1 (EXAMPLE 3). HepG2 cells were co-transfected, treated, and luciferase 
assays performed as described in EXAMPLES 1-3, except that KN-62 at various concentrations (0.1, 
1 0 0.3, 1, 3, and 10 iiM) was used instead of progesterone. KN-62 similarly repressed the activities of 
wild-type mCAR and mutant mCARnsoMi indicating that the repression by KN-62 did not depend on 
Thr at position 350 in mCAR. Therefore, the structuial basis for the hormonal repression differs firom 
^t by xenochemicals such as KN-62 

The degree of the repression was influenced by co-e^qsression of SRC-1 : 80% and only 20 - 
1 5 . -30% r^ression in the presence and absence of SRC-1, respectively. However, die repression was not 
affected by the.nmtation of Thr350. .Thr350 does not appear to play a' role either in the co-re.gulation 
iy SRC-1 or in the repression by KN-62. This is in contrast to the role of Thr350 in the re^pression by 
steroid hqnnones described in EXAM^ 

^ The presence of a T350M mutation, for example in a cell or in an organism, can have a'. . 
20 dominant-negative effect on wild type CAR and thus suppresses hormone responsiveness. 

EXAMPLES 
Three-Dimensional Modeling of raCAR 
The results discussed in EXAMPLE 2 demonstrate that the residue at position 350 is 
25 . sufficient to specify the steroid hormone responsiveness of mCAR, despite the fact that the receptor 
can be promiscuously activated by nxmierous endogenous and foreign chemicals that are structurally 
unrelated. This paradoxical characteristic of the receptor function is reminiscent of the drug/steroid- 
metabolizing enzymes such as cytochrome P450. Considering the large nvmiber of genes that are 
collectively regulated by the nuclear orphan receptors in response to diverse chemicals, finding the 
30 structural principles governing the paradox can be used to predict pharmacological and toxicological 
effects of a given chemical. 

As disclosed in the examples above, mutating Thr at position 350 of mCAR to the 
corresponding Met in hCAR abolishes the repression of mCAR by progesterone and testosterone. 
Based on the X-ray crystal structure of pregnane X receptor (PXR) (another nuclear orphan receptor) 
35 (Redinbo et aL, Science 292:2329-33, 2001), a tiiree-dimensional (3D) stracture of mCAR was 

generated using the program "O" (Zou e/ fl/. y4c^a Crystallogr. Sect A 47:110-9, 1991). Asshownin 
FIGS. 2A and 2B, the 3D model of mCAR reveals side-chain (hydrogen bond) interaction between 
Thr350 and Thrl76. The corresponding spatial positions in hCAR are Met340 and Thrl66. 
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EXAMFLE6 
Mutation Analysis of mCAR Thrl76 
mCAR Thrl76 was mutated to various aisiino acids using the PGR mutagenesis methods 
described in EXAMPLE 2. One skilled in die art will understand tibat analogous mutations can be 
5 made in any CAR sequence obtained from another organism, such as hC AR T 1 66, and the resulting 
peptide used as described herein. 

The resulting mutants (0.2 \ig) were co-transfected into HepG2 cells along with the (NR1)5- 
dc-luciferase plasmid (0.1 ^g) and pRL-SV40 (0.2 \ig), treated with DMSO, PB, TCPOBOP, 
chloropromazine (CPZ), melhoxychlor (MTC), l,l,l-trichlorol,2-bis(o, p'-chlorophenyl)ethane 
10 (DDT), or clotrimazole (CTZ), and subjected to a luciferase reporter gene activation assay using a 
PB-responsive enhancer module (PBREM) as described in EXAMPLE 1 . 

A single mutation of Thrl76 to valine (T176V) or to leucine (T176L) decreased the 
constitutive activity of mCAR. In addition, TCPOBOP effectively activated mutated mCAR. This 
' activation did not require exogenous SRC-1, although activity increased as exogenous SRC-1 
15 increased. 

'V; '* - 'EXAMPLE 7 • . 

Mutation Analysis of mCAR 
To examine the role of Leu352 in mCAR activity, site-directed mutagenesis was used as 
20 described in EXAMPLES 2 and 6. One skilled in the art will understand that a corresponding 

mutation can be made in hCAR (i.e. hCAR Leu342), and the resulting peptide used as described 
herein. 

The resulting mutants were co-transfected into HepG2 cells, treated with DMSO, PB, 
TCPOBOP, CPZjOr E2 and subjected to a luciferase reporter gene activation assay using a PB- 
25 responsive enhancer module (PBREM) as described in EXAMPLES 1-3. 

An Ala substitution of Leu352 (L352A) of mCAR decreased mCAR constitutive activity, as 
was observed in the T176V mutant (EXAMPLE 6). In addition, the L352A mutant was activated by 
TCPOBOP, as well as estradiol and chloropromazine, but only in the presence of exogenous SRC-1. 

To decrease the constitutive activity of hCAR, corresponding mutations were made in a 
30 human CAR sequence using site-directed mutagenesis as described in EXAMPLES 2 and 6. An Ala 
substitution of Leu342 (L342A) of hCAR, as well as the double mutation (L342A/L343A) decreased 
hCAR constitutive activity, as was observed for the corresponding mCAR mutant 

In summary, mCAR Thrl76 and Leu352 and hCAR Leu342 and Leu 343 provide CAR with 
structural constraint to maintaiTiiiig the constitutive activity. The mutations decrease or abrogate the 
35 constitutive activity of CAR, while retaining the capability of being activated by agonistic chemicals. 
These residues can play roles in constraining stracture of the receptor fevor for its constitutive 
binding to co-regulators such as SRC-1 in cell-based transfection assay. 
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EXAMPLE8 
Methods of Screening Test Agents 
Methods are disclosed for screening test agents to identify agents that include xenochexnical 
and/or steroid metabolizing activity. Such agents increase transcription of a nucleic acid sequence, 
5 such as a drag metabolizing enzynae, operably linked to an enhancer element In particular examples, 
transcription is increased by at least 10%, at least 20%, at least 50%, at least 75%, at least 100%, at 
least 200% or even greater, as conqiared to transcription levels in the absence of the agent Screening 
of potential agents that increase such transcription is facilitated by the disclosure herein of non-CAR 
polypeptides that have decreased constitutive activity in vitro, for exan^le a decrease of at least 20%, 
10 at least 50%, at least 75%, at least 80%, at least 90%, at least 95%, at least 98%, using the ceU based 
transfection assay described in EXAMPLE 1 . For exanq)le, agents can be screened for tiieir ability to 
increase transcription of a drug-metabolizing enzyme, such as a steroid and/or xenochemical 
metabolizing enzyme. 

. Synthetic dmg databases (which can be licensed fix>mdrug companies) can be screened to- 
1 5 identify drags that increase transcrq)tion of a nucleic acid sequence operably linked to an enhancer 

elemeiit, i-' rein such drags can include steroid and/or xenochemical metebblizing acthdty. For 
^ exaiiq)le, a non-CAR peptide and one or more enhancer elements operably 1^ 

which'produces a detectable product are in a cell, ^ch as a trans^iic cell, and the cell is exposed to 

the test agent If the product is detected following contact witih the cell, this indicates that the test 
20 agent conferred the ability of non-CAR to increase transcription of a nucleic acid sequence operably 

linked to an enhancer element, thereby resulting in production of the product from the reporter gene. 

If no product is detected following contact with the cell, this indicates that the test agent did not 

confer the ability of non-CAR to increase transcription of a nucleic acid sequence operably linked to 

an enhancer eleixient 

25 The enhancer element used is chosen based on the type of agent one wants to identify. For 

exanq)le, if the identification of an agent that activates genes that metabolize PB or PB-type 
confounds is desired, then enhancer elements that include a PB enhancer are used, such as NRl or 
PBREM. Alternatively, if the identification of an agent that activates genes that metabolize steroid 
conq)Ounds is desired, then enhancer elements that include a steroid enhancer are used. Other 

30 examples of dmg/enhancer combinations that can be tested include, but are not limited to: ER6 and 
XREM of CYP3A genes, gtPBREM of UDP-glucuronosyltransf erase, and tiie peroxisome 
proliferator response element of the enoyl-CoA hydratase/3-hydroxyacyl -CoA dehydrogenase. 

Alternatively, cells expressing a non-CAR peptide, such as in a tEansgenic animal, are 
administered one or more test agents. Subsequently, e3q)ression of non-CAR regulated genes is 

35 determined, for example as described in Ueda et aL (MoL Pharmcol 61:1-6, 2002, herein 

incorporated by reference). Exanoples of non-CAR regulated genes include, but are not limited to 
CYP2B10, CYP3A1 1, and amino levulinate synthase 1. Briefly, RNA is obtained from the animal or 
cells following administration of the test agent(s). In one example, animals are sacrificed and total 
liver RNA obtained using TRIzol reagent (Invitrogen, Carlsbad, CA) and enrichment for mRNA can 
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be achieved by using Oligotex mRNA kit (QIAGEN, Valencia, CA) according to the manufacturers' 
instractions. cDNA is prepared from the RNA using standard molecular biology technique The 
cDNA can be used as a tenq)late for RT-PCR to saapMfy one or more genes of interest, using the 
appropriate primers. Alternatively or in addition, microarray methods can be used to analyze the 
5 mRNA samples. For example, mRNA obtained from Ae exposed cells is labeled, for exanq)le with 
Cy3 and Cy5-conjugated dUTP using reverse transcription, and the resulting product hybridized to a 
cDNA microarray chip (containing cDNA from the same organism as the cell or animal). Following 
hybridization, the array is scanned and images analyzed for fluorescence intensity. 

Test agents such as synthetic dmgs or peptides that are observed to increase transcription of 
10 a nucleic acid sequence operably linked to an enhancer element, are good candidates for therapies, 
such as treatment of subjects e^osed to one or more xenochemicals, or a subject in whom altered 
levels of one or more steroids is desired. 

EXAMPLE 9 

15 '/ Production of Sequence Variants 

Disclosed herein are non-CAR sequences, arid in 
' understood by tiiose. skilled in the art that use of alternative liori-CAR sequences (such as 

' polymorphisms, fragments, mutants, fusions, or otiier variants) can be iised to practice tiie screening 
methods'of the present disclosure, as long'astiie distinctive functional characteristics of the non-CAR 

20 antigen are retained. For example, non-CAR variants can be used to practice the methods disclosed 
herein if such variants retain the characteristic of having decreased constitutive activity in vitro^ for 
exanq)le a decrease of at least 20%, at least 50%, at least 75%, at least 80%, at least 90%, at least 
95%, or at least 98% of constitutive activity. This activity can readily be determined using the assays 
disclosed herein, for exaiDple the cell-based transfection assay described in EXAMPLE 1. In yet 

25 other examples, non-CAR variants can be used to practice « V methods disclosed herein if they rfctain 
their ability to be activated by agonistic corrq>ounds, such as xenochemicals and/or steroids, that is, 
retain their ability to increase transcription of the nucleic acid sequence operably linked to the 
enhancer element in the presence of one or more, such as two or more, such as 10 or more, 
xenochemicals and/or steroids. 

30 This disclosure facilitates the use of DNA molecules, and thereby proteins, derived from a 

native (wild-type) CAR protein but vary in their precise nucleotide or amino acid sequence from tiie 
native sequence. Such variants can be obtained through standard molecular biology laboratory 
techniques and the sequence information disclosed herein. DNA molecules and nucleotide sequences 
derived from a native DNA molecule can also be defined as DNA sequences tiiat hybridize under 

35 stringent conditions to the DNA sequences disclosed, or fragments thereof. Hybridization conditions 
resultmg in particular degrees of stringency vary depending upon the nature of the hybridization 
metiiod and the composition and length of die hybridizing DNA used. Generally, the tenqierature of 
hybridization and the ionic strength (especially tiie Na* concentration) of the hybridization buffer 
determines hybridization stringency. Calculations regarding hybridization conditions required for 
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attaming particular amounts of stringency are discussed by Sambrook et al {Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor, New York, 1989, Chapters 9 and 1 1), herein incorporated 
by reference. Hybridization with a target probe labeled with ['^P]-dCTP is generally carried out in a 
solution of high ionic strength such as 6xSSC at a temperature that is about 5-25^C below the melting 
5 tenq)erature,T„. Tlie term T„ is tiieteiiq)erature (under defined ionic strength and pH) at which 5 
of the target sequence remams hybridized to a perfectly matched probe or complementary strand. 
The Tm of such a hybrid molecule may be estimated from the following equation (Bolton and 
McCarthy, Proc, Natl Acad, Set USA 48:1390, 1962): T„,= 81.5°C - 16.6(logio[Na^) + 
0.41(%G+C) - 0.63(% foimamide) - (600/1); where 1 = tiie length of the hybrid in base pairs. 

1 0 The degeneracy of the genetic code further widens tbe scope of the present disclosure as it 

enables variations in the nucleotide sequence of a non-CAR DNA molecule while maintaining tiie 
amino acid sequence of tfie encoded non-CAR protein. For exanQ>le, the amino acid Ala is encoded 
by the nucleotide codon trqjlet GCT, GCG, GCC and GCA. Thus, the nucleotide sequence can be 
changed without affecting the amino acid con^osition of the encoded protein or the characteristics of 

15^ the protein. Based iqwn the degeneracy of flie genetic code, variant DNA molecules can be derived 
from a cDNA molecule using stanc&d DNA nmtagenesis techniques 

' syntiiesis of DNA sequences. EfNA sequences tiiat do not hybridize under stringent conditions to flie 
cDNA sequeoces .disclosed by virtue of sequence variation based on the degeneracy of the genetic 
code are also coriq>rehended by this disclosure. 
20 Non-CAR variants, fragments, mutants, variants, fusions, and polymorphisms retain the 

characteristic of having decreased constitutive activity in vitro, as determined using the assays 
disclosed herein, for example a cell-based transfection assay (EXAMPLE 1). Variants and fragments 
of a protein retain at least 70%, 80%, 85%, 90%, 95%, 98%, or greater sequence identity to a protein 
amino acid sequence and maintam tiie functional activity of the protein as understood by those in 

25 skmiedintheart 

Amino acid substitutions are typically of smgle residues; for exanq>le 1, 2, 3, 4, 5, 10 or 
more substitutions; insertions usually wiU be from about 1 to 10 amino acid residues; and deletions 
can range about from 1 to 30 residues. Substitutions, deletions, insertions or any combination tiiereof 
can be combined to arrive at a final constmct Ideally, mutations in the DNA encoding the protein 

30 should not place the sequence out of reading frame and will not create con^lementary regions that 
could produce secondary mKNA stmcture. The simplest modifications involve the substitution of 
one or more amino acid residues (for exanq)le 2, 5 or 10 residues) for amino acid residues having 
conservative substitutions. 

Such variants can be readily selected for additional testing by perfomomg an assay (such as 

35 those described in EXAMPLES 1-7) to determine if ttie non-CAR variant retains tiie characteristic of 
having decreased constitutive activity in vitro. 
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EXAMPLE 10 
Recombinant Expression 
With publicly available CAR cDNA and amino acid sequences (for exsanple see Genbank 
Accession Nos. AF009327 and Z30425), and the disclosure herein of mutations that result in a non- 
5 CAR sequence, additional non-CAR sequences can be generated that vary from those disclosed. 
Expression and purification by standard laboratory techniques of any variant, such as a 
polymorphism, mutant, fragment or fusion of the disclosed non-CAR sequences is enabled. One 
skilled in the art will understand that non-CAR and fragments thereof can be produced recombinantly 
in any cell or organism of interest, and purified prior to use, for Gxaxnple prior to immuniz ation of a 
1 0 subject to produce antibodies, or prior to screening test agents. 

Methods for producing recombinant proteins are well known in the art Therefore, the scope 
of this disclosure includes recombinant e3q>ression of any non-CAR protein or fragment thereof. For 
exanq)le, see U.S. Patent No: 5,342,764 to Johnson et aL; U.S. Patent No: 5,846,819 to Pausch et aL\ 
U.S. Patent No: 5,876,969 to Fleer et al. and Sambrook et al. (Molecular Cloning: A Laboratory 
1 5 Manual, Cold Spring iEIarbor, New Yoric, 1989, Ch. 17, herein incorporated by reference). 
. Briefly, partiaVfuIi-lengfli, or varim 
CAR,protein or peptide, can be ligated into an expression vector, such as a bacterial expression . 
vector. Prptems and/or peptides can be produced by placing a promoter upstream of the cDNA 
sequence. Exarnpies of promoters include, but are not limited to lac\ trp, tac, trc, major operator and 
' 20 promoter regions of phage lambda, the control region of fd coat protein, the early and late promoters 
of SV40, promoters derived from polyoma, adenovirus, retrovirus, baculovirus and simian virus, the 
promoter for 3-phosphoglycerate kinase, the promoters of yeast acid phosphatase, the promoter of the 
yeast alpha-mating factors and conibinations thereof. 

Vectors suitable for the production of intact native proteins include pKC30 (Shimatake and 
25 Rosenberg, 1981, Nature 292:128), pKK177-3 (Amann and Brosius, 1985, Gene 40:183) and pET-3 
(Studiar and Moffatt, 1986, J. Mol Biol 189:1 13). A DNA sequence can be transferred to other 
cloning vehicles, such as other plasmids, bacteriophages, cosmids, animal viruses and yeast artificial 
chromosomes (YACs) (Burke et al, 1987, Science 236:806-12). These vectors can be introduced 
into a variety of hosts including somatic cells, and single or corr5)lex organisms, such as bacteria, 
30 fungi (Timberlake and MarshaU, 1989, Science 244: 13 13-7), invertebrates, plants (Gasser and Fraley, 
1989, Science 244:1293), and mammals (Pursel et al, 1989, Science 244:1281-8), that are rendered 
transgenic by the introduction of the heterologous non-CAR cDNA. 

For e3q>ression in mammalian cells, a non-CAR cDNA sequence can be ligated to 
heterologous promoters, such as the simian virus SV40, promoter in the pSV2 vector (Mulligan and 
35 Berg, 1981, Proc. Natl Acad. ScL USA 78:2072-6), and introduced into cells, such as monkey COS-1 
cells (Gluzman, 1981, Cell 23:175-82), to achieve transient or long-term expression. The stable 
integration of the chimeric gene construct may be maintained in mammalian cells by biochemical 
selection, such as neomycin (Southern and Berg, 1982, 7. Mol Appl Genet 1:327-41) and 
mycophoenoHc acid (Mulligan and Berg, 1981, Froc. Natl Acad, Scl USA 78:2072-6). 
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The transfer of DNA into eukaryotic, such as human or other manamalian cells, is a 
conventional technique. The vectors are introduced into the recipient cells as pure DNA 
(transfection) by, for exsanpks, precipitation with calcium phosphate (Graham and vander Eb, 1973, 
Virology 52:466) strontium phosphate CBrash etaL, 1987, MoL Cell Biol 7:2013), electroporation 
5 (Neumann e/ a/., \9S2,EMBOJ. 1:841), Iqwfection (Feigner etal., 19S7, Proc. Natl. Acad. Sci USA 
84:7413), DEAEdextran(McCufliane/ a/., 196S,J.NatL Cancerlnst. 41:351), microinjection 
(MueUer et ah, 1978, Cell 15:579), protoplast fusion (Schafher, 1980, Proc, Natl Acad Set USA 
77:2163-7), or pellet guns (Klein et al, 1987, Nature 327:70). Alternatively, the cDNA can be 
introduced by infection with virus vectors, for example retroviruses (Benistein et al, 1985, Gen. 
10 Engrg. 7:235) such as adenoviruses (Ahmad et al, 1986, Virol 57:267) or Herpes (Spaete et al, 
1982, Ce// 30:295). 

EXAMPLE 11 
Methods for m Vfi'o or ev vfvo Non-CAR Eiqpression 
15 . Hie present disclosure provides methods of expressing non-CAR, or a functional equivalent . 

thereof, in a cell or tissue in vivo. Such methods are useful if non-coiistitutive CAR activity desired, 
such as for repressibn of an endogmous CAR, since non-CAR can act as a domiinant negative 

.^recqptor. . . - \ . " . • . ' . ^ • 

In one example, transfection of the cell or tissue occyrs in vitro. In this exang)le, the cell or 

20 tissue is removed from a subject and then transfected with an expression vector containing the desired 
cDNA. The transfected ceUs produce fimctional protein and can be reintroduced into the subject In 
another example, a nucleic acid is administered to the subject directly, and transfection occurs in vivo. 

The scientific and medical procedures required for human cell transfection are now routme. 
The public availability of CAR cDNAs, as well as the disclosure herein of the role of mutations tiiat 

25 result in a non-CAR sequence that has decreased constitutive activity in vitro, allows the 

development of human (and other mammals) in vivo gene e^qpression based \spon these procedures. 
Immunotherapy of melanoma patients using genetically engineered tumor-infiltrating lymphocytes 
(TDLs) has been reported by Rosenberg et al (N Engl J, Med. 323:570-8, 1990), wherein a retrovirus 
vector was used to introduce a gene for neomycin resistance into TILs. A similar approach can be 

30 used to introduce a non-CAR cDNA into subjects. 

In some exaiiq)les, a method of treating subjects in which less CAR expression is desired, is 
disclosed. These methods can be accomplished by introducing a gene coding for non-CAR into a 
subject. A general strategy for transferring genes into donor cells is disclosed in U.S. Patent No. 
5,529,774, incorporated by reference. Generally, a gene encodmg a protein having therapeutically 

35 desired effects is cloned into a viral expression vector, and that vector is then introduced into the 

target organism. The virus infects the cells, and produces the protein sequence in vivo, where it has 
its desired therapeutic effect Zabner a/. (Ce// 75:207-16, 1993). It may only be necessary to 
introduce the genetic or protein elenaents mto certain cells or tissues. However, in some instances, it 
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may be more therapeutically elBfective and simple to treat all of a subject's cells, or more broadly 
disseminate the vector, for exanq)le by intravascular administration. 

The nucleic acid sequence encoding non-CAR is under the control of a suitable promoter. 
Suitable promoters that can be employed include, but are not limited to, the gene's native promoter, 
5 retroviral LTR promoter, or adenoviral promoters, such as the adenoviral major late promoter; the 
CMV promoter; the RSV promoter; inducible promoters, such as the MMTV promoter; the 
metallodiionein promoter; heat shock promoters; the albumin promoter; the histone promoter; the a- 
actm promoter; TK promoters; B19 parvovirus promoters; and the ApoAI promoter. However the 
scope of the disclosure is not limited to specific promoters. 

10 The recombinant nucleic acid can be admmistered to the subject by any method ^t aUows 

the recombinant nucleic acid to reach the appropriate cells. These methods include injection, 
infusion, deposition, implantation, or topical administration. Injections can be intradermal or 
subcutaneous. The recombinant nucleic acid can be deHvered as part of a viral vector, such as av^ox 
viruses, recorribinant vacciifia virus, replication-deficient adenovirus strains or poUovhrus, or as a 

15 non-infectious fonn such as naked DNA or lipospmeenca^ 
EXAMPLE12. , ; 

' ■ ; EXAMPLE12 * 

Viral Vectors for in vivo Gene Expression 

20 Viral vectors can be used to express a desired non-CAR sequence in vivo. Methods for 

using such vectors for in vivo gene expression are well known in the art (for example see U.S. Patent 
No. 6,306,652 to FaUaux et a/., U.S. Patent No. 6,204,060 to MehtaH et a/., U.S. Patent No. 
6,287,557 to Boursnell et al, and U.S. Patent No. 6,217,860 to Woo et al, all herein incorporated by 
reference). Specific examples of such vectors include, but are not limited to: adenoviral vectors; 

25 adeno-associated vmises (AAV); retroviral vectors such as MMLV, spleen necrosis virus, RSV, 

Harvey Sarcoma Virus, avian leukosis virus, HIV, myeloproliferative sarcoma virus, and mammary 
tumor virus, as well as and vectors derived firom these viruses. Other viral transfection systems may 
also be utilized, including Vaccinia virus (Moss et al, 1987, Annu. Rev. Immunol 5:305-24), Bovine 
Papilloma virus (Rasmussen et al, 1987, Methods Enzymol 139:642-54), and herpes viruses, such as 

30 Epstein-Barr virus (Margolskee et al., 1988, Mol Cell. Biol. 8:2837-47). In another example, KNA- 
DNA hybrid oligonucleotides, as described by Cole-Strauss et al {Science 273:1386-9, 1996) are 
used. 

Viral particles are administered in an amount effective to produce a therapeutic effect in a 
subject The exact dosage of vkal particles to be admmistered is dependent upon a variety of factors, 
35 including the age, weight, and sex of the subject to be treated, and tibie nature and extent of the disease 
or disorder to be treated. The viral particles may be administered as part of a preparation havmg a 
titer of viral particles of at least 1 x 10*°pfu/nil, and in general not exceedmg 2 x lO" pfu/ml. The 
viral particles can be administered in combmation witii a pharmaceuticaUy acceptable carrier in a 
volume up to 10 ml. The pharmaceuticaUy acceptable carrier may be, for exan5)le, a Uquid carrier 
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such as a saline solution, protamine sulfate (Elkins-Sinn, Inc., Cherry Hill, NJ), or Polybrene (Sigma 
Chemical). Conventional phaimaceutically acceptable carriers are disclosed in Remington *s 
Pharmaceutical Sciences, by Martin, Mack Publishing Co., Easton, PA, 15th Edition, 1975. 

5 EXAMPLE 13 

Generation and Expression of Fusion Proteins 

Non-CAR fusion proteins or peptides that include a non-CAR sequence (such as full-length 

non-CAR, or fragments, mutants, variants, or polymorphisms of non-CAR) can be generated using 

standard methods known to those skilled in the art (for exan^le see U.S. Patent No. 6,057,133 to 

10 Bauer et al and U.S. Patent No. 6,072,041 to Davis et aLy both incorporated by reference). In one 

exangjle, linker regions are used to space the two portions of the protein from each o&^ and to 

provide flexibility between the two peptides, such as a polypeptide of between 1 and 500 amino 

acids. Odier moieties can also be included, such as a binding region (i.e. avidin or an epitope, such as 

. a polyhista^ne tag) which can be useful for purification and processing of the fusion protein. In 
. ^ ** ' . . ... 

15 addition, detectable Inkers can be atbiched to the fusion pro 

: • > . . . - \\ ■ v. V ... 

. 'example 14 • 

/ - Tr ansgenic Animals 

Aiiimals that express non-CAR, or a variant or fusion thereof that retains non-CAR activity, 

20 in their cells are prepared to further demonstrate the role(s) of CAR in gene regulation. For exanq)le, 
transgenic animals, such as mice, that express non-CAR can be used to test or screen for agents that 
decrease the toxicity of xenochemicals, such as environmental pollutants, by metabolizmg such 
xenochemicals. Such anttnals have a phenotype that reflects a lack of CAR function. 

. Methods for generating transgenic mice are described in Gtene Targeting, A.L. Joyuner ed., 

25 Oxford University Press, 1995 and Watson, J. D. et al, Recombmant DNA 2nd Ed, W.H. Freeman 
and Co., New York, 1992, Chapter 14 as well as inU.S. Patent Nos. 5,574,206; 5,723,719; 
5,175,383; 5,824,838; 5,811,633; 5,620,881;. and 5,767,337, herein incorporated by reference. 
Briefly, a vector including the desired non-CAR sequence, such as the plasmids and vectors disclosed 
m EXAMPLES 10-12, is generated. The plasmid is linearized, purified, and nricroinjected into 

30 mouse embryos that are in^lanted into surrogate mothers. Pups are screened for the presence of the 
transgene by PCR on tail snippets. Once at least one positive founder male and one positive founder 
female containing the transgene in their genomes are identified, the founder animals are separately 
bred into a C57bl6 background for several generations imtil homozygous positive mice are obtained 
that breed true (generated aU positive litters). The phenotypes of the mice, such as their ability to 

35 respond to xenochemicals such as therapeutic drugs, synthetic chemicals, and naturally-occurring 
chemicals can be determined. 
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EXAMPLE 15 
Analysis of Samples 

This example describes methods that can be used to detect the presence of one or more 
CAR-responsive steroids and/or xenochemicals, such as estrogen or estrogen-like con5)Ounds, and 
5 PB and PB-like confounds, in a sainple. The sample can be a biological sample obtained fix>m a 
subject, for exan^le a subject suspected of being closed to a CAR-responsive xenochemical. 
Alternatively, tiie sample can be an environmental sanqjle, for example a water sanople obtained from 
a river or lake that is suspected of containing one or more CAR-responsive steroids and/or 
xenochemicals. 

1 0 San^les containing one or more CAR-responsive steroids and/or xenochemicals will 

increase transcription of a nucleic acid sequence, such as a drug metabolizing enzyme, operably 
linked to an appropriate enhancer element in the presence of non-CAR. In particular exan^les, 
transcription is increased by at least 10%, at least 20%, at least 50%, at least 75%, at least 100%, at 
least 200% or even greater, as conq)ared to transcrq)tion levels in the absence of the san5)le. 

15 : A cell expressing one or more non-CAR peptides, such as a transgenic cell, is contacted with 

iiie sample of inter^t, and the resulting efifect on steroid and/or xenochemical metsibolizing activity 
" determined. For exaixq)le, the cell can express one or more non-CAR peptides as well 'as^a nucleic 
add sequence operably iinkeii to an enhah Exanq}les of nucleic acid sequences which 

can be used include, but are not limited to, a drug metabolizing enzyme or a reporter gene sequence. 

20 If the san^le contains an agent(s) that induces steroid and/or xenochemical metabolizing enzyme(s), 
non-CAR will be activated and interact with the enhancer element, thereby increasing transcription of 
the nucleic acid sequence operably linked to the enhancer element Detection of transcription of the 
nucleic acid sequence can is used to make a derminatipn as to whether a CAR-responsive steroid(s) 
or xenochemical(s) is present in the san^le. For example if tiie nucleic acid sequence encodes for a 

25 reporter gene, the gene produces a detectable product, such as luciferase, which can be detected. The 
presence of the detectable product indicates that the sanq)le contains one or more CAR-responsive 
steroids and/or xenochemicals, such as estrogen or PB. 

If desired, one can use additional methods to identify the particular steroid and/or 
xenochemical present However, based on the enhancer element used, one can determine at least the 

30 type of steroid and/or xenochemical present For example, the enhancer element can be chosen based 
on the agent one wants to identify. For example, if the identification of an agent tiiat activates genes 
that metabolize PB or PB-type compoimds is desired, then enhancer elements that include a PB 
enhancer are used, such as NRl or PBREM. Alternatively, if the identification of an agent tiiat 
activates genes fliat metabolize steroid confounds is desired, then enhancer elements that include a 

35 steroid enhancer are used. Other examples of drug/enhancer conobinations that can be used include, 
but are not limited to: ER6 and XREM of CYP3A genes, gtPBREM of UDP- 
glucuronosyltransferase, and the peroxisome proliferator response element of the enoyl-CoA 
hydratase/3-hydroxyacyl -CoA dehydrogenase. 
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In view of the many possible embodiments to which the principles of onr disclosure may be 
appKed, it should be recognized that tiie illustrated embodiments are only particular exanq)les of flie 
disclosure and should not be taken as a hmitation on the scope of the disclosure. Rather, the scope oi 
5 tihe disclosure is in accord with the foUowing claims. We flierefore claim as our invention all that 
comes within the scope and spirit of these claims. 



